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MULTISTAGE SPACE-EFFICIENT ELECTROSTATIC COLLECTOR 

BACKGROUND AND SUMMARY 
[0001] The invention relates to electrostatic collectors or precipitators, 

5 including for diesel engine electrostatic crankcase ventilation systems for blowby gas 
for removing suspended particulate matter including oil droplets from the blowby gas. 

[0002] Electrostatic collectors or precipitators, including for diesel 

engine electrostatic crankcase ventilation systems, are known in the prior art. In its 
simplest form, a high voltage corona discharge electrode is placed in the center of a 
10 grounded tube or canister forming an annular ground plane providing a collector 
electrode around the discharge electrode. A high DC voltage, such as several 
thousands volts, e.g. 15 kV, on the center discharge electrode causes a corona 
discharge to develop near the electrode due to high electric field intensity. This 
creates charge carriers that cause the ionization of the gas in the gap between the high 
15 voltage electrode and the ground electrode. As the gas containing suspended particles 
flows through this region, the particles are electrically charged by the ions. The 
charged particles are then precipitated electrostatically by the electric field onto the 
interior surface of the collecting tube or canister. 

[0003] Electrostatic collectors have been used in diesel engine 

20 crankcase ventilation systems for removing suspended particulate matter including oil 
droplets from the blowby gas, for example so that the blowby gas can be returned to 
the atmosphere, or to the fresh air intake side of the diesel engine for further 
combustion thus providing a blowby gas recirculation system. 

[0004] The corona discharge electrode assembly commonly used in the 

25 prior art has a holder or bobbin with a 0.006 inch diameter wire strung in a diagonal 
direction. The bobbin is provided by a central drum extending along an axis and 
having a pair of flanges axially spaced along the drum and extending radially 
outwardly therefrom. The wire is a continuous member strung from back and forth 
between the annular flanges to provide a plurality of segments supported by and 
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extending between the annular flanges and strung axially and partially spirally 
diagonally between the flanges. The inside of the drum is hollow. 

[0005] The present invention provides a compact, multistage, space- 

efficient electrostatic collector. The present construction improves utilization of 
5 space within a package allowing for a reduction in package size or an increase in flow 
rating for the same package size. Effective residence time is increased by 
incorporating corona generation and particle collection in an inner annular passage by 
using the formerly unused hollow inside of the drum. 

[0006] Customer requirements continue favoring smaller packaging in 

10 underhood components in internal combustion engine applications. These customer 
demands can be better met if all available space is used to maximum extent. The 
present invention not only provides better utilization of available space but also 
provides improved performance including within a small space-efficient package size. 
The improved performance is provided by increasing charged particle residence time. 

15 In one aspect, collecting zones are provided both inside and outside of the electrode 
drum, increasing residence time without lengthening the electrode, thus providing 
longer residence time, higher corona discharge efficiency, and better space efficiency. 
The use of both inner and outer charging and collection stages effectively increases 
residence time by increasing the effective length of the electrode and corona 

20 discharge zone. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0007] Fig. 1 is a perspective assembly view of a multistage space- 

efficient electrostatic collector in accordance with the invention. 
25 [0008] Fig. 2 is an exploded perspective view of the collector of Fig. 1 . 

[0009] Fig. 3 is a sectional view of the collector of Fig. 1 . 

DETAILED DESCRIPTION 
[0010] Fig. 1 shows a multistage space-efficient electrostatic collector 
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10 for cleaning a gas flowing along a gas flow path as shown at arrows 12, 14. The 
collector is mountable to a mounting head 16, for example as shown in commonly 

owned co-pending U.S. Patent Application No. , filed on even date 

herewith, Attorney Docket 4695-00096, which head is mounted to an internal 
combustion engine, such as a diesel engine, or in the engine compartment. Particulate 
matter, including oil droplets from blowby gas in the case of diesel engine exhaust, 
flows into the collector at arrow 12 and exits at arrows 14, 18 for return to the engine 
or for venting to the atmosphere. Collected particulate matter including oil droplets 
are periodically discharged through valved outlet 20, as is known. 

[0011] The collector includes an outer ground plane canister 22, Figs. 

1-3, an inner ground plane tube 24, and a corona discharge electrode 26 therebetween. 
Canister 22 is a cylindrical member extending axially along an axis 28, Fig. 3, 
between an inlet end 30 and an outlet end 32 and having an inwardly facing inner 
wall 34 providing a collector electrode. Corona discharge electrode 26 in the canister 
is provided by a hollow drum extending axially along axis 28 and having an outer 
wall 36 facing inner wall 34 of the canister and defining an outer annular flow 
passage 38 therebetween. The drum has an inner wall 40 defining a hollow interior 
42. The inner ground plane 24 is provided by a hollow tubular post extending from 
inlet end 30 of the canister axially into the canister and axially into hollow interior 42 
of drum 26. Post 24 has an outer wall 44 facing inner wall 40 of drum 26 and 
defining an inner annular flow passage 46 therebetween. Outer wall 44 of post 24 
provides a collector electrode. The post has an inner wall 48 defining a hollow 
interior 50 providing an initial flow passage. 

[0012] Gas to be cleaned enters inlet fitting 52 as shown at arrow 12 

and flows in a first axial direction upwardly as shown at arrow 54 along a first flow 
path segment through the noted initial flow passage along hollow interior 50 of post 
24, then turns as shown at arrow 56 and flows in a second opposite axial direction 58 
along a second flow path segment through the noted inner annular passage 46 along 
outer wall 44 of post 24 and inner wall 40 of drum 26, and then turns as shown at 



arrow 60 and flows in the noted first axial direction upwardly as shown at arrow 62 
along a third flow path segment through outer annular passage 38 along outer wall 36 
of drum 26 and inner wall 34 of canister 22. The canister is closed at its top by an 
electrically insulating disk 64 having a plurality of circumferentially spaced apertures 
5 66 providing exit flow of the gas therethrough into plenum 68 and then to outlet port 
70 for exit flow as shown at arrow 14. A high voltage electrode 72 extends through 
disk 64 and is electrically connected to drum 26. 

[0013] In the preferred embodiment, the drum has a plurality of corona 

discharge elements provided by a plurality of inner discharge tips 74 protruding 

10 radially inwardly into inner annular flow passage 46 toward outer wall 44 of post 24 
such that inner discharge tips 74 protrude into the noted second flow path segment 58, 
and/or provided by a plurality of outer discharge tips 76 protruding radially outwardly 
into outer annular flow passage 38 toward inner wall 34 of canister 22 such that outer 
discharge tips 76 protrude into the noted third flow path segment 62, which discharge 

15 tips may be like those shown in commonly owned co-pending U.S. Patent 
Application No. 10/634,565, filed August 5, 2003. Drum 26 may be a metal or other 
conductive member, or may be an insulator and have conductor segments therealong 
connected to respective tips. Outer annular flow passage 38 is concentric to and 
radially outward of inner annular flow passage 46. Inner annular flow passage 46 is 

20 concentric to and radially outward of initial flow passage 50. The gas flows in a 
serpentine path through canister 22, including a first U-shaped bend 56 between first 
and second flow path segments 54 and 58, and a second U-shaped bend 60 between 
second and third flow path segments 58 and 62. 

[0014] The disclosed construction provides a multistage space-efficient 

25 electrostatic collector for cleaning the gas flowing therethrough along a gas path and 
includes a first stage provided by a first corona discharge zone 46 along the gas flow 
path, and a second stage provided by a second corona discharge zone 38 along the gas 
flow path and spaced along the gas flow path from the first corona discharge zone 46. 
The electrostatic collector is provided by a corona discharge electrode 26 and two 
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ground planes 24 and 22. The first corona discharge zone 46 is between corona 
discharge electrode 26 and first ground plane 24. The second corona discharge zone 
38 is between corona discharge electrode 26 and second ground plane 22. The 
second ground plane is provided by the noted canister 22 extending axially along axis 
5 28. The corona discharge electrode is provided by the noted hollow drum 26 in the 
canister and extending axially along axis 28. The first corona discharge zone 46 is 
inside the drum. The second corona discharge zone 38 is outside the drum. The 
noted first ground plane 24 is inside the drum. Each of the corona discharge electrode 
26 and the second ground plane 22 is annular, and each of the noted first and second 

10 corona discharge zones 46 and 38 is an annulus. Ground plane 22 and corona 
discharge zone 38 and corona discharge electrode 26 and corona discharge zone 46 
are concentric. Corona discharge zone 46 concentrically surrounds ground plane 24. 
Corona discharge electrode 26 concentrically surrounds corona discharge zone 46. 
Corona discharge zone 38 concentrically surrounds corona discharge electrode 26. 

15 Ground plane 22 concentrically surrounds corona discharge zone 38. Ground plane 
24 is annular and defines initial gas flow zone 50 therethrough along the gas flow 
path at 54 and is spaced along the gas flow path from first and second corona 
discharge zones 46 and 38. Ground plane 24 concentrically surrounds initial gas flow 
zone 50. Gas flow along the gas flow path changes direction at 60 between the first 

20 and second corona discharge zones 46 and 38. Preferably, the change of direction is 
1 80°. Gas flow along the gas flow path flows in a flow direction 58 along first corona 
discharge zone 46 and then reverses direction at 60 and flows in another flow 
direction 62 along second corona discharge zone 38. The first and second corona 
discharge zones 46 and 38 are concentric to each other. Flow direction 62 is parallel 

25 and opposite to flow direction 58. Second corona discharge zone 38 surrounds first 
corona discharge zone 46. The gas flow path has an initial gas flow zone at 50 
directing gas flow therethrough prior to gas flow through first corona discharge zone 
46. The initial gas flow zone 50 is a non-corona-discharge zone. The gas flow path is 
a serpentine path including initial gas flow zone 50, first corona discharge zone 46, 
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and second corona discharge zone 38. The gas flow path has a first flow reversal 
zone at 56 between initial gas flow zone 50 and first corona discharge zone 46, and a 
second flow reversal zone at 60 between first corona discharge zone 46 and second 
corona discharge zone 38. Gas flows in a flow direction 54 along initial gas flow 
5 zone 50, then reverses at 56 and flows in flow direction 58 along first corona 
discharge zone 46, then reverses at 60 and flows in flow direction 62 along second 
corona discharge zone 38. Flow direction 58 is parallel and opposite to flow 
directions 54 and 62. Initial gas flow zone 50 and first corona discharge zone 46 and 
second corona discharge zone 38 are concentric. Second corona discharge zone 38 

10 surrounds first corona discharge zone 46, and first corona discharge zone 46 
surrounds initial gas flow zone 50. 

[0015] The invention provides a method for increasing residence time 

within the corona discharge zone of gas flowing through an electrostatic collector, 
provided by directing gas flow along a first corona discharge path 58 through zone 46 

15 and then directing gas flow along a second corona discharge path 62 through zone 38. 
In the preferred method, the gas flow is directed along an initial flow path 54 through 
zone 50 in the electrostatic collector prior to directing gas flow along the first corona 
discharge path 58. 

[0016] It is recognized that various equivalents, alternatives and 

20 modifications are possible within the scope of the appended claims. 
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